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Abstract

Polyvinyl butyral is a consolidate that mostly used for consolidation of degraded and weak
woods. The aim of present research is to study the efficiency of polyvinyl butyral/zinc oxide
nanocomposites as consolidant of old dried woods and evaluate the influence of this material
on penetration and wettability of wood and also durability against accelerated aging of
Plantenus Orientalis wood samples. All wood samples used in this research are belonged to
Qajar period and were obtained from the same piece in equal and relatively well condition
and held in a chamber of controlled temperature and relative-humidity to maintain their
weight after they were cut into certain cross-sections. In this research, 0.5, 1.0 and 1.5 wt% of
zinc oxide was added to the matrix of 10% polyvinyl butyral using the whole immersion
method. The efficiency of consolidating was examined by simple weighting method, and
wettability of samples was evaluated by contact angle test. The values of the degradation rate
of samples after accelerated aging were measured by FTIR-ATR (Fourier-Transform Infrared
Spectroscopy-Attenuated Total Reflection) methods. The results showed that introduction of
0.5 and 1 wt% of nano-zinc oxide to the consolidate polymer matrix led to a decrease in water
penetration and wettability of samples. On the other hand, the degradation rate in the
accelerated aging condition of samples which were treated with both polyvinyl butyral and
1.5 wt% dispersion of nano- zinc oxide was lower in comparison with other samples.
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Introduction

Wood is undoubtedly one of the most important materials among several fundamental
architectural elements. Wooden parts have been extensively used as structural components in
various parts of buildings as in movable works. Arising from their special characteristics such
as heterogeneity and changeable dimensions in specific conditions, wooden materials have low
resistivity against environmental agents and are thus susceptible to degradation [1].

Therefore, wooden artifacts having historical or archeological importance should be
protected from environmental threats and potential degradation. Consolidation is a conventional
procedure for the conservation of degraded wooden artifacts [2]. Generally, the purpose of
consolidation is to restore cohesion, physical properties and mechanical strength of wooden
artifacts as far as their authenticity is not treated [3-4].

* Corresponding author: samanian_k@yahoo.com


http://www.ijcs.uaic.ro/

J. ABBASI et al.

In every consolidation procedure, there are some key factors that affect the efficiency of
the procedure such as consolidate material, solvent type, solution concentration and the method
of application. Adjustment of these factors highly depends on the type and state of the artifact's
components and the nature of case study in research areas [5]. A wide variety of materials are
being used for consolidation; however, solutions are the most important type of consolidates [4,
6-7]. Among various thermoplastic resins which are commonly used as consolidates, Paraloid
B72 and Poly Vinyl Butyral (PVB) are known as the most effective ones for consolidation of
wooden artifacts [7-10]. However, PVB has attracted the most attention for this purpose owing
to its desirable and effective features [8]. So, promation of this solvent for the consolidation
purposes can be a considerable improvement in conservation measurement. A common
approach in promoting the strength of polymers is adding inorganic nanoparticles and many
efforts have been done in this field [11-15].

Also, several efforts have been undertaken for consolidation of wooden artifacts by
nanoparticle-filled polymers [5, 16-18]. On the other hand, many efforts have been made to
improve the biological properties of polyvinyl butyral in order to be applied in wood treatment
processes. [19] However, no research study has focused on the behavior of PVB in the presence
of water or in a humidified atmosphere.

Nevertheless, many studies have investigated the influence of water and humidity on the
physical properties of wooden parts [20-22]. The attack of micro-organisms mainly depends on
the moisture of cell wall of the wood, and water absorption depends on density and water
emission factor in the wood [23]. The use of synthetic polymers in the consolidation of wood
can influence the rate of water absorption as well as elongation and swelling rate [24].
Waterproofing of wooden goods can be achieved through a coating of wood by inorganic
compounds [25-27], synthetic resins [28] and other hydrophobic agents. Nowadays ZnO is
broadly used in nanotechnology science fields to enhance the operation of materials and devices
through different techniques in nanometer scale [29]. In the last decade, the nanostructured ZnO
has attracted the attention of numerous researchers due to its outstanding physical, chemical and
sensing properties [30, 31]. Also an increasing number of scientific reports have appeared on
using ZnO in photocatalytic degradation of organic compounds [32]. ZnO has been, in general,
recognized as safe (GRAS) material category by the US Food and Drug Administration [31].
Regarding the above-mentioned aim, this research seeks to study the water stability and
weathering resistance of poly vinyl butyral and zinc oxide nanocomposite in Plantenus wood
samples and to evaluate this material as a consolidate for dry historical wooden artifacts through
performing some related tests and analyzing the obtained results.

Experimental

Wooden Samples

In this research samples were obtained from the wooden stakes of a door of a building in
Birjand in the east of Iran belonged to Qajar period. Samples were found in a same, relatively
sound condition. Radial, tangential, and transversal sections were cut respectively in 10, 20 and
30mm [33]. After sanding with sandpaper H 240, samples were placed in a chamber in the
laboratory (200+2°C, 50+5% RH) for 30 days to achieve weight stability and being prepared for
treatment [6]. Platanus Orientalis-L type was chosen because it is local to Iran [34, 35]. It has
been employed in many wooden artifacts, particularly in historical buildings [36-39] and plays
an important role in Iranian wood art.

Consolidate Solutions

In this research polyvinyl butyral (as the polymer matrix) and zinc oxide nano-particles
(as the filler) have been combined and used for consolidation of the wooden artifacts. For
making the nano composite, PVB (ACROS) and zinc oxide nanoparticles with the size of 29 nm
and 99.983% purity (research” trademark made in Spain) were used. PVB was diluted using
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ethanol and 10% PVB solution was prepared. Different concentrations of nano-zinc oxide (0.5,
1.0 and 1.5%) were added to PVB solutions separately and were dispersed using ultrasonic
homogenizer. Numbers of consolidate solutions used in this research are shown in Table 1.

Table 1. Samples code.

Samples Code Soluble Compound
A Untreated Sample
Al PVB 10% in Ethanol
A2 Al+ 0.5 % Nano ZnO
A3 Al+ 1% Nano ZnO
A4 Al+ 1.5 % Nano ZnO

Treatment Process

Dried samples having constant weight were immersed in the consolidate solutions for 24
hours and weighted afterward [33]. According to the difference between density values of wood
and the solution, samples were suspended in the solution using a pin and stainless wire to avoid
the movement of samples and to make a uniform condition and constant contact of the solution
on the wood surface. Samples were held in a plumbed (plasticized) box during the treatment.

Water Absorption Test

Water absorption test was performed following ASTM (D7334-08) standard [40]. First,
treated samples were weighted after solvent evaporation, and then immersed completely in
distilled water and weighted again after different certain time periods (1, 2, 3 and, 24 hours).
The values of water absorption (WA) for each sample were measured by equation (1) as
follows:

WA(%) = 100%(m;-ms)/m, (1)

were: m; - weight of samples after immersion and m¢ - weight of samples before immersion.

Wetting Properties: Contact Angle

Water contact angle (4pL) was measured by a system equipped with a CCD camera
capable of taking photos from water droplets and software designed to calculate contact angle
statically. The test was performed in three points in three cross-sections of the samples
(longitudinal, tangential and radial) following ASTM (D7334 — 08/2013) standard [41] was
built with the Dataphysics, OCA 15 Plus system. The calculation of the angle between the
tangent line of the drop and the line parallel to the film surface reveals the contact angle [42].
The contact angle of wood with distilled water was examined on both sides of the water droplet,
and then average values were calculated for every droplet. This test was done on every cross-
section of the samples.

Evaluation of Accelerated Aging using FTIR technique

The accelerated aging process was tested in order to investigate the changes that occur
during the process in wood samples. The samples for temperature and humidity aging test were
kept in an oven at 600°C and 75+5% RH for 30 days. Afterward, to evaluate the protective
effect of the treating material against UV light and to study the structural changes, the samples
were kept inside a controlled compartment under UV lamp with the power of 18W and
wavelength of 356nm for 120h [19]. Any structural changes caused by accelerated aging before
and after the process were evaluated by FTIR-ATR spectrometer Tensor 27 by Bruker.

Statistical Analysis

Analysis of the results obtained from water absorption and wettability tests was
performed through an accidental statistical plan under the test of variance analysis using SPSS
software. Finally, Duncan's Multiple Domain test at a confidence level of 99% of average
comparing was used.
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Result and Discussion

Water Absorption

The results obtained from water absorption test are presented in Figure 1. One-way
variance analysis reveals that there are meaningful differences in water absorption values of
samples before and after treatment. The highest water absorption value, 70.14%, was obtained
for untreated sample named as A. After addition of 0.5wt% nano-zinc oxide to sample, named
as A2, water absorption was reduced by 10% compared to sample Al (the sample without any
nano-zinc oxide) and reached to 25.47%. Addition of 1wt% nano-zinc oxide to the sample,
named as A3, decreased water absorption to 31% that is a considerable decrease as compared
with Al. However, water absorption of A3 was increased compared with A2. The obtained
results show that addition of low amounts (0.5 or 1.0wt%) of nano-zinc oxide to polyvinyl
butyral solution has the desirable impact of reducing water absorption of Platanus wood
samples.

Water Absorption
90
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2 &0 II
5 50[
2 40 I I
R ] b1
: NI bl Lidl kb A
10
A Al A2 A3 Ad
mafter Lh  47.95 1422 74 9.27 13.07
mafter2h 5521 17.57 10.79 13.21 18.3
after 3h 60.1 17.99 14.8 16.89 24.53
after24h  70.14 35.56 25.47 31 38.1

Fig. 1. Water Absorption (%) in the treated Plantenus wood samples at different time periods.

Wetting Capability

The results of wetting capability in three radial, tangential and longitudinal cross-
sections are shown in figure 2. The samples treated with polyvinyl butyral/zinc oxide
nanocomposites show better hydrophobicity compared with samples treated with polyvinyl
butyral solution (A1), except for sample A4. It is worthy to note that all samples (Al, A2, A3,
and A4) have had a lower contact angle in tangential section compared with the longitudinal
and radial section, and thus, it may be concluded that Platanus wood is more hydrophilic in
tangential section. It was observed that A2 sample showed an increase in contact angle in all
cross-sections in comparison with Al sample (nano-free) which demonstrate an increase in
hydrophobicity. The results obtained from this test showed that hydrophobicity of wood
samples will be promoted in all cross-sections by adding specific values of nano-zinc oxide to
polyvinyl butyral solution. It should be noted that this property obviously depends on the
amount of zinc oxide. In another word, by adding 0.5wt% nano-zinc oxide to the solution, the
resistant of the wood sample to water increases, and by increasing this amount to 1%, this
resistivity rises to the higher level (compared with nano-free solution) particularly in tangential
and radial cross-section. However, as observed in sample A4, after addition of 1.5wt% of nano-
zinc oxide to polyvinyl butyral solution, the hydrophobicity of wood sample was reduced
(Table 2).

18 INT JCONSERYV SCI 10, 1, 2020: 15-24



CONSOLIDATION OF HISTORICAL WOODS USING POLYVINYL BUTYRAL/ZINC OXIDE NANO-COMPOSITE

Contact Angle
120
100 I
I I - : .
I I I I I longitudinal

tangential

00
o

radial

Contact Angle, © [°]
ey (=3}
Q (=)

(]
(=]

0
Al A2 A3 A4

Fig. 2. The contact angles of treated samples in different cross-sections.

Table 2. The Contact angle for treated samples in different cross-sections.

Sample Longitudinal Tangential Radial
Al 8945 6945 7045
A2 9445 7045 9045
A3 8915 85+2 99+2
Ad 80+5 67+2 74+1

Evaluation of Accelerated Aging using FTIR

Generally, the presence of an absorption peak at 3300-3400cm™ area is related to
stretching vibration of O-H bonds of inner molecular bonds in cellulose [43, 44], the peak at
2923 cm is related to vibration of aliphatic stretching C-H bonds of cellulose molecule and
also to absorption of C-H bonds existing in methoxy of lignin molecules. On the other hand, the
absorption peak at 2900cm™ can be assigned to stretching vibrations of C-H bonds that are not
changed by time, temperature or different conditions. The absorption peak at 1733cm™ is an
indicator of presence free C=0 groups [45-47] in hemicellulose and confirms that oxidation
occurred in the cellulose structure. Also, the absorption peaks at 1504 and 1593cm™ can be
attributed to the stretching vibrations of C=C double bonds belonging to lignin aromatic rings in
the wood structure (this absorption is known for lignin). The absorption peaks at 1422 and
1234cm™ are assigned to the flexural vibrations of OCH3 methoxy groups of lignin molecules
caused by deformation of C-H bonds in carbohydrates. The absorption peaks at 1330 and 1268
cm! are appeared due to the vibrations of specific unites of guaiacylpropane (G) in needle leaf
trees and syringylpropane (S) in broadleaf trees. It should be noted that the absorption band at
1328cm demonstrates a part of all structural components of wood since this band is related to
C-H flexural motions of polysaccharides and G rings of lignin [46, 47]. The absorption peak at
1032cm™ can be ascribed to stretching vibrations of C-O and C-C in cellulose and
hemicellulose structure [19, 43-55]. On the other hand, the absorption peaks at 1370 and
1160cm™ are characteristic of the carbohydrate structure (Figs. 3 and 4) [44].

Sample Al showed water uptake of 35.56% after being immersed in distilled water for
24h. Such a low water uptake might probably be a consequence of pore filling ability of
consolidates [5]. The rate of water absorption was further decreased to a greater extent after
addition of nano-zinc oxide to the polymer solution. The same observation is also reported by
[5], however, the authors noticed that higher loading amounts of nano-zinc oxide led to an
increase in water absorption [5]. In a similar research study, the results obtained from
wettability test were different in the three cross-sections of wood without any stable rate [5]. It
can be explained that the wood properties are different in three tangential, radial and
longitudinal sections, and thus, it would demonstrate different wetting capabilities [37]. Our
results show that saturation of wood by polyvinyl butyral/zinc oxide nanocomposite containing
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0.5 and 1.0wt% nanoparticles exerted a significant influence on water absorption of samples.
The presence of nanoparticles on cell wall has first decreased wetting rate by reducing the
access to free hydroxyl groups [13] and hence the reducing binding potential of wood with
water. Second, the presence of nanoparticles on cell walls has noticeably decreased the size of
cavities [57] and thus has disturbed permeation of water molecules through occupying some
free space in pores of the wood and immobilization in open pores [58]. Therefore, water
absorption and dimensional change of the wood would be remarkably reduced .
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Fig. 3. FTIR spectra of samples A and Al:
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Fig. 4. FTIR spectra of samples A2, A3, and A4:
1. A3 before aging, 2. A3 after aging, 3. A2 before aging,
4. A2 after aging, 5. A4 after aging, 6. A4 before aging

An increase in the uptake (intensity of peaks) particularly in the range of 1650-1730cm-*
confirms the oxidation and depolymerization of cellulose into secondary color groups
(carbonyl) which is probably caused by decomposition of lignin molecules. Also, a decrease in
the absorption intensity around 1504 and 1593cm™ in untreated samples after aging which is
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characteristic to lignin absorption, related to C=C bonds, further proves the degradation of
lignin [56]. Generally, absorption bands at 990-1100cm™ and 2900cm™ are characteristic of
polyvinyl butyral. According to the obtained results, it can be claimed that addition of nano-zinc
oxide to polyvinyl butyral somewhat improved resistant of the polymer to degradation.
Moreover, it can be declared that the protection process becomes more significant as the
loading content of nano-oxide increases. For instance, it was observed that in the loading
contents of 1% and 1.5wt% nano-zinc oxide, degradation rate was actually lower than that of
the sample with no nano-zinc oxide. However, little oxidation occurred as confirmed by the
presence of absorption peak at 1730cm™, associated with non-conjugated C=0 groups, which is
probably due to the formation of aldehyde and ketone groups. On the other hand, the
degradation rate of wood as a consequence of the degradation of lignin aromatic rings was
relatively low in the sample treated by pristine polyvinyl butyral solution as compared with the
samples treated by zinc oxide loaded PVB solution, yet the oxidation can be detected in
1730cm™,

Conclusion

Synthetic resins have been employed as consolidate materials for the conservation of
historical and cultural heritage. These resins may have some shortcomings which can be
diminished using several methods particularly the use of mineral nano-materials. In this study,
composites of PVB solution with 1% and 0.5 wt% nano-zinc oxides represented optimum
results in protection of wooden samples especially from the viewpoints of water Absorption and
wetting capability. By increasing the loading content of nano zinc oxide up to 1.5wt%, the
hydrophilicity of wood was increased compared to the samples treated by pristine polyvinyl
butyral (without nano zinc oxide). The accelerated aging test revealed that wood degradation
was occurred in all samples except for A3. Thus, it can be deduced that loading low amounts of
nano zinc oxide in polyvinyl butyral polymer matrix (0.5 — 1.0wt %) provided a low resistance
under the accelerated aging condition. Also, it was observed that degradation rate in the samples
treated with PVB solution containing 1.5 wt% zinc oxide was lower than other samples.
Therefore, regarding the author’s observation and findings, the loading amount of 1.0wt%
nano-zinc oxide in polyvinyl butyral polymer matrix is the optimum content for preparation of
an efficient consolidates for protection of dry historical woods against water.

Acknowledgments
Support of this research by the University of Arts - Tehran, is gratefully acknowledged.
References

[1] S. Poorkaramy, E. Afra, Application of nanotechnology in improving the mechanical,
physical and protective properties of wood, The Second National Conference on New
Technologies in the Pulp and Paper Industry, 2014.

[2] M. Ohlidalova, I. Kucerova, M. Novotnd, Identification of acrylic consolidants in wood
by Raman spectroscopy, Journal of Raman Spectroscopy, 2006, 37(10), pp. 1179-85,
DOI: 10.1002/jrs.1585

[3] G.M. Crisci, M.F. La Russa, M. Malagodi, S.A. Ruffolo, Consolidating properties of
Regalrez 1126 and Paraloid B72 applied to wood, Journal of Cultural Heritage, 11(3),
2010, pp. 304-308.

[4]  A. Unger, A. Schniewind, W. Unger, Conservation of wood artifacts: A Handbook,
Springer Science & Business Media, 2001.

[51 A.A. Tuduce-Traistaru, |.C.A. Sandu, T.M. Cristina, G.L. Dumitrescu, I. Sandu,
SEM-EDX, water absorption, and wetting capability studies on evaluation of the

http://www.ijcs.uaic.ro 21



J. ABBASI et al.

[6]

[7]
[8]
[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

22

influence of nano-zinc oxide as additive to paraloid B72 solutions used for wooden
artifacts consolidation, Microscopy Research and Technique, 76(2), 2013, pp. 209-
218.

M.C. Timar, A.A. Tuduce-Traistaru, P.M. Adriana, L. Gurau, An investigation of
consolidates’s penetration in wood Part 1, General methodology and microscopy,
Proligno, 6, 2010, pp. 13-27.

Y. Wang, A.P. Schniewind, Consolidation of deteriorated wood with soluble resins,
Journal of the American Institute for Conservation, 1985, 24(2), pp. 77-91.

S.M. Nakhla, A comparative study of resins for the consolidation of wooden objects,
Studies in Conservation, 1986, 31(1), pp. 38-44.

S.M. Carlson, A.P. Schniewind, Residual solvents in wood-consolidant composites,
Studies in conservation, 1990, 35(1), pp. 26-32.

A.P. Schniewind, The structural conservation of panel paintings, Consolidation of
wooden panels, 1998, pp. 87-107.

J. Zheng, R. Ozisik, R.W. Siegel, Disruption of self-assembly and altered mechanical
behavior in polyurethane/zinc oxide nanocomposites, Polymer, 2005, 46(24), pp.
10873-10882.

W.C. Zuiderduin, C. Westzaan, J. Huetink, R.J. Gaymans, Toughening of polypropylene
with calcium carbonate particles, Polymer, 2003, 44(1), pp. 261-275.

S. Sun, C. Li, L. Zhang, H.L. Du, J.S. Burnell-Gray, Effects of surface modification of
fumed silica on interfacial structures and mechanical properties of poly (vinyl chloride)
composites, European polymer journal, 2006, 42(7), pp. 1643-1652,
https://doi.org/10.1016/j.eurpolymj.2006.01.012

P. He, Y. Gao, J. Lian, L. Wang, D. Qian, J. Zhao, W. Wang, M.J. Schulz, X.P. Zhou, D.
Shi, Surface modification and ultrasonication effect on the mechanical properties of
carbon nanofiber/polycarbonate composites. Composites Part A, Applied Science and
Manufacturing, 2006, 37(9), pp. 1270-1275.

H.B. Lin, M.S. Cao, Q.L. Zhao, X.L. Shi, D.W. Wang, F.C. Wang, Mechanical
reinforcement and piezoelectric properties of nanocomposites embedded with ZnO
nanowhiskers, Scripta Materialia, 2008, 59(7), pp. 780-783.

M. Afsharpour, S. Imani, Preventive protection of paper works by using hanocomposite
coating of zinc oxide, Journal of Cultural Heritage, 2017, 25, pp. 142-148.

C.A. Clausen, V.W. Yang, R.A. Arango, F. Green Ill, Feasibility of nanozinc oxide as a
wood preservative, Proceedings of American Wood Protection Association, 105,
2009, pp. 255-260.

M.C. Timar, M. Campean, A.A. Tuduce-Traistaru, Compatibility indicators in
developing consolidation materials with nanoparticle insertions for old wooden objects,
International Journal of Conservation Science, 1(4), 2010, pp. 219-226.

D. Harandi, H. Ahmadi, M.M. Achachluei, Comparison of TiO, and ZnO nanopatrticles
for the improvement of consolidated wood with polyvinyl butyral against white rot,
International Biodeterioration & Biodegradation, 108, 2016, pp. 142-148.

E. Obataya, M. Norimoto, J. Gril, The effects of adsorbed water on dynamic mechanical
properties of wood, Polymer, 1998, 39(14), pp. 3059-3064.

L. Severa, J. Buchar, I. Krivanek, The influence of the moisture content on the fracture
of the notched wood beam, The 8™ International IUFRO Wood Drying Conference,
2003.

C.C. Gerhards, Effect of moisture content and temperature on the mechanical properties
of wood: An analysis of immediate effects, Wood and Fiber Science, 14(1), 2007, pp. 4-
36.

A. Bastani, S. Adamopoulos, H. Militz, Water uptake and wetting behaviour of
furfurylated, N-methylol melamine modified and heat-treated wood, European journal
of wood and wood products, 73(5), 2015, pp. 627-634.

M.H. Schneider, Wood Polymer Composites, Wood and Fiber Science, 26(1), 2007,
pp. 142-151.

INT JCONSERYV SCI 10, 1, 2020: 15-24



CONSOLIDATION OF HISTORICAL WOODS USING POLYVINYL BUTYRAL/ZINC OXIDE NANO-COMPOSITE

[25]

[26]

[27]
[28]
[29]

[30]

[31]

[32]

[33]

[34]
[35]
[36]

[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]

S.C. Ghosh, H. Militz, C. Mai, Decay resistance of treated wood with functionalised
commercial silicones, BioResources, 3(4), 2008, pp. 1303-1314.

P. Tingaut, O. Weigenand, H. Militz, B.D. Jéso, G. Sebe, Functionalisation of wood by
reaction with 3-isocyanatopropyltriethoxysilane: Grafting and hydrolysis of the
triethoxysilane end groups, Holzforschung, 59(4), 2005, pp. 397-404.

G. Sebe, M.A. Brook, Hydrophobization of wood surfaces: covalent grafting of silicone
polymers, Wood Science and Technology, 35(3), 2001, pp. 269-282.

S. Bach, M.N. Belgacem, A. Gandini, Hydrophobisation and densification of wood by
different chemical treatments, Holzforschung, 59(4), 2005, pp. 389-396.

M. Sheikh, M. Asghari, M. Afsari, Effect of nano Zinc Oxide on gas permeation through
mixed matrix Poly (Amide-6-b-Ethylene Oxide)-based membranes, International
Journal of Nano Dimension, 8(1), 2017, pp. 31-39.

K. Khojier, Sol-gel spin coating derived ZnO thin film to sense the acetic acid vapor,
International Journal of Nano Dimension, 8(2), 2017, pp. 164-170.

P. Jamdagni, J.S. Rana, P. Khatri, K. Nehra, Comparative account of antifungal activity
of green and chemically synthesized Zinc Oxide nanoparticles in combination with
agricultural fungicides, International Journal of Nano Dimension, 9(2), 2018, pp.
198-208.

N. Assi, P.A. Azar, M.S. Tehrani, S.W. Husain, M. Darwish, S. Pourmand, Synthesis of
ZnO-nanoparticles by microwave assisted sol-gel method and its role in photocatalytic
degradation of food dye Tartrazine (Acid Yellow 23), International Journal of Nano
Dimension, 8(3), 2017, pp. 241-249.

A.A. Traistaru, M.C. Timar, M.l. Campean, C.A. Croitoru, I. Sandu, Paraloid B72
Versus Paraloid B72 with nano-ZnO additive as consolidants for wooden artifacts,
Materiale Plastice, 49(4), 2012, pp. 293-300.

M. Hejazi, F.M. Saradj, Persian Architectural Heritage: Architecture, Structure and
Conservation. WIT Press, 2014.

M.L. Tello, C. Redondo, E. Mateo-Sagasta, Health status of plane trees (Platanus spp.)
in Spain, Journal of Arboriculture, 26(5), 2000, pp. 246-254.

Z. Bozorgmehri, A. Khodadadi, Mvdhay Iran Mortars of Iran (Diagnosis, Pathology
and Restoration), First Edition, Soroush Danesh, Tehran, 2010.

M. Sohrabi Nasirabadi, Study on consolidation and conservation of wood (Evaluation of
natural polymers and kinetics on wood native to Iran plane), Master's Thesis, Isfahan
University, Iran, 1993.

H. Yavari, Orientation the Wood and Its Related Arts, Soreh mehr Publishers,
Tehran, Iran, 2014.

M.A. Zarei, Sanandai Sash windows, Based on the review process of the formation and
expansion of sash windows art based on existing Samples, Journal of Iranian
Architecture, 4, 2013, pp. 109-130.

** * ASTM D7334-08/2013, Standard Practice for Surface Wettability of Coatings,
Substrates and Pigments by Advancing Contact Angle Measurement, ASTM
International, West Conshohocken, PA, 2013, www.astm.org.

*** ASTM D4446-05/2005, Standard Test Method for Anti-Swelling Effectiveness of
Water-Repellent Formulations and Differential Swelling of Untreated Wood When
Exposed to Liquid Water, American Society for Testing and Materials, 2005.

B. Ghanbarzadeh, H. Almasi, A.A. Entezami, Studying morphological and moisture
barrier properties of starch-CMC-nanoclay biodegradable bionanocomposite film,
Journal of Innovation in Food Science and Technology, 5(4), 2014, pp. 83-117.

C.M. Popescu, M.C. Popescu, C. Vasile, Structural analysis of photodegraded lime
wood by means of FT-IR and 2D IR correlation spectroscopy, International Journal of
Biological Macromolecules, 48(4), 2011, pp. 667-675.

M. Poletto, AJ. Zattera, R. Santana, Structural differences between wood species:
evidence from chemical composition, FTIR spectroscopy, and thermogravimetric

http://www.ijcs.uaic.ro 23


http://www.astm.org/

J. ABBASI et al.

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

analysis, Journal of Applied Polymer Science, 126(S1), 2012, DOI: 10.1002/
app.36991.

A.N. Emandi, I.C. Vasiliu, P. Budrugeac, I. Stamatin, Quantitative investigation of wood
composition by integrated FT-IR and thermogravimetric methods, Cellulose Chemistry
and Technology, 45(9-10), 2011, pp. 579-584.

K.K. Pandey, A.J. Pitman, FTIR studies of the changes in wood chemistry following
decay by brown-rot and white-rot fungi, International Biodeterioration &
Biodegradation, 52(3), 2003, pp. 151-160.

K.K. Pandey, A study of chemical structure of soft and hardwood and wood polymers by
FTIR spectroscopy, Journal of Applied Polymer Science, 71(12), 1999, pp. 1969-1975.
B. Esteves, A. Velez Marques, |I. Domingos, H. Pereira, Chemical changes of heat-
treated pine and eucalypt wood monitored by FTIR, Maderas. Ciencia y tecnologia,
15(2), 2013, pp. 245-258.

O. Faix, J. Bremer, O. Schmidt, S.J. Tatjana, Monitoring of chemical changes in white-
rot degraded beech wood by pyrolysis—gas chromatography and Fourier-transform
infrared spectroscopy, Journal of Analytical and Applied Pyrolysis, 21(1-2), 1991, pp.
147-162.

K.K. Pandey, Study of the effect of photo-irradiation on the surface chemistry of wood,
Polymer Degradation and Stability, 90(1), 2005, pp. 9-20.

R. Bodirlau, C.A. Teaca, Fourier transform infrared spectroscopy and thermal analysis
of lignocellulose fillers treated with organic anhydrides, Romanian Journal of Physics,
54(1-2), 2009, pp. 93-104.

R. Rana, R. Langenfeld-Heyser, R. Finkeldey, A. Polle, FTIR spectroscopy, chemical
and histochemical characterisation of wood and lignin of five tropical timber wood
species of the family of Dipterocarpaceae, Wood Science and Technology, 44(2), 2010,
pp. 225-242.

F. Lionetto, R. Del Sole, D. Cannoletta, G. Vasapollo, A. Maffezzoli, Monitoring wood
degradation during weathering by cellulose crystallinity, Materials, 5(10), 2012, pp.
1910-1922.

M. Poletto, H.L. Ornaghi, A.J. Zattera, Native cellulose: structure, characterization and
thermal properties, Materials, 7(9), 2014, pp. 6105-6119.

D. Rosu, C.A. Teaca, R. Bodirlau, L. Rosu, FTIR and color change of the modified wood
as a result of artificial light irradiation, Journal of Photochemistry and Photobiology
B: Biology, 99(3), 2010, pp. 144-149.

X. Colom, F. Carrillo, F. Nogués, P. Garriga, Structural analysis of photodegraded wood
by means of FTIR spectroscopy, Polymer Degradation and Stability, 80(3), 2003, pp.
543-549.

R.R. Devi, T.K. Maji, Effect of nano-SiO, on properties of wood/polymer/clay
nanocomposites, Wood Science and Technology, 46(6), 2012, pp. 1151-1168.

R. Zahedsheijani, H. Gholamiyan, The Potential Use of Nanozycosil and Sodium
Montmorillonite (NaMMT) Nanoclay to Decrease Water Absorption in MDF, Iranian
Journal of Wood and Paper Industries, 2(1), 2010, pp. 69-81.

Received: November 21, 2018
Accepted: January 23, 2020

24

INT JCONSERYV SCI 10, 1, 2020: 15-24



